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ﬁ' AN NTC LIVE FIRE PERFORMANCE ANALYSIS

?

e EXECUTIVE SUMMARY

n ‘ The training benefits derived by units training at the National
AN Training Center (NTC) have been of considerable interest to the
>0 U.S. Army. The Army Research Institute (ARI) has developed and
1 initiated a programmatic research effort to assess these benefits.
. As a preliminary step in this effort, an exploratory data analysis
N of the performances of battalion task forces on the live-fire

N range at the NTC was conducted. As stated by Tukey (1977) the

:\ purpose of exploratory data analysis is to be detective in nature
D not confirmatory. Thus, the investigation reflects incursions

" into the data designed to explicate the structure of the data

rather than to confirm a particular model of the data. Using the

., data provided in 54 Take Home Packages for the period of early

3N 1982 to late 1984, it was possible to examine battalion

f; performance for three live-fire scenarios: Defend from a Battle

vy Position (Day), Defend from a Battle Position (Night), and

"W Movement to Contact (Day). The presentation of these data was

é organized around three primary issues:

,ﬁ (1) Has battalion performance changed over time at the NTC?
iy (2) How do the performances of the Armor and Mechanized

'f Infantry Task Forces differ?

) (3) What factors seem to be related to performance at the

NTC?

o

A Using the "percentage of target kills" data as an indicator
A of meaningful unit performance on the live-fire range at the NTC
" and comparing the battalion performances in the first 18 months

W with those of the next 12 months of a 2-1/2 year period (early

1982 to late 1984), this study found that:

L)

‘& (1) The percent of targets killed by the tanks of the Armor
L) and Mechanized Infantry Task Forces increased between the first

:s and second periods of this study.

U

[ ] (2) The increase in percent of targets kiiled between the

¥ first and second periods was attributable to both one-time

4 visitors to the NTC and to repeat visitors to the NTC. Therefore,
t, the differences in performance was a function of some phenomena

o associated with time and not just some advantage factor acquired

through repeat visits to the NTC as might be expected.

@

% (3) The change in performances on the live-fire ranges was
- probably not a function of the activities involved in the

j operation of the live-fire range by NTC cadre: i.e., the live-fire
> exercises were conducted in a uniformly consistent manner
throughout the 2-1/2 year period of this study.

P (4) The change in percent of target-kills over time was not
w$ related to gunnery accuracy as this did not change over time.
iE However, a significant increase in the volume of tank rounds fired

vii
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25- bv both the Armor and Mechanized Infantry Task Forces in the
"N second period was likely related to the observed increase in
N target kills.

2,

? (5) The increase in rounds fired was related to an increase
I in number of tanks assigned to the task forces (particularly to
%\ the mechanized units) in the second period and to an increase in

0 the number of rounds fired per tank.

;?‘ (6) A positive and statistically significant relationship

el was found between the number of rounds fired per tank and the

;f percent of enemy killed. This relationship was strongest for the

ﬁ; day attack and day defend missions.
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e INTRODUCTION

The training benefits derived from units training at the
National Training Center (NTC), Fort Irwin, California, have been i
a subject of great interest to the U.S. Army ever since the :
activation of the NTC in 1981. The Army Research Institute (ARI)
has developed a research program which includes the assessment of
these benefits as one of the key research technical objectives.

Critical to the accomplishment of this technical objective is the
analysis of the performance data of battalion task forces which
have trained at the Fort Irwin facility. As an initial step in
this research effort, an exploratory data analysis of the
performances of the units which trained on the live-fire range at
the NTC was conducted. It is important at this point to clarify
cthe nature of exploratory data analysis. particularly as it
relates to confirmatory analysis, as used in this study.

Exploratory data analysis has emerged as a separate,
legitimate form of data analysis in the social sciences within the
past ten years. This has resulted from the work of the
statistician, John Tukey, who created many of the specific
techniques now applied within this framework. Tukey (1977)
describes exploratory data analysis as being detective in
character, while confirmatory data analysis is judicial or quasi-
judicial in character. Exploratory data analysis can never be the
whole story but nothing else can serve as the foundation stone --
as the first step. Thus. the nature and purpose of exploratory
data analysis is to provide a description or picture of the data,
with the approach taken to explicate a set of data necessarily
being idiosyncratic to the situation. This approach has been
succinctly summarized by Hartwig and Dearing (1979): "Exploratory
data analysis is interactive and iterative. There is no invariant
procedure by which the exploratory data analyst takes a data set
and automatically generates the smooth and the rough. Indeed,
different exploratory analysts may legitimately apply different
techniques and even find different structures in the same set of
data." It is clear from this statement that an exploratory data
analysis is in fact a series of analyses the results of which fuel
other excursions into the data and hence further analyses. A
three step course is generally recommended (Hartwig and Dearing.
1979) in proceeding with an exploratory analysis: (1) Understand
each variable as a separate entity. (2) Understand pairs of
variables and relationships. (3) Understand groups of variables
as models. The limitations of space and time have restricted the
present study to the first two of these steps.




To facilitate presentation, the analytic results have been
organized around three general issues:

(1) Has battalion live-fire performance changed over time at
the NTC?

(2) How do the live-fire performances of the Armor and
Mechanized Infantry Task Forces differ?

(3) What factors seem to be related to live-fire performance
at the NTC?

The results relevant to these questions provide the basis for
preliminary insights into the benefits gained and the factors
influencing gain at the NTC.

The remainder of this report has been organized into four
sections. The initial section (Background) provides a brief
description of the Live-Fire exercises at the NTC. The second
section (Procedure) presents the details of the technical approach
to the above issues. The third section (Results) presents the
findings of the analysis used to address the study issues. A
short conclusion section follows the presentation of the results.

.......
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BACKGROUND

Each battalion task force in this study performed three
missions on the live-fire range. These missions were:

- Defend from a Battle Position (day)
- Defend from a Battle Position (night)
- Movement to Contact (day)

The live-fire defense training area consists of terrain,
targets, and control mechanisms which present an attack by two
enemy battalions against the defending task force . A diagram of
the live-fire defense facility is in Figure 1. Live-fire cadre
operate the training facility from the control bunker. The target
scenario is computer driven. Cadre members control the target
array to adjust for unit positioning and for the employment of
obstacles. The live-fire cadre coordinate range activities with
the observer controllers who accompany the unit and the Tactical
Operations Center (TOC) personnel who provide the command and
control functions over the battalion task force player unit.

The iive-fire team also orepares and operates the live-fire
offense facility. A diagram of the offense training area is shown
in Figure 2. The live-fire controllers move with the task force
in the offense and activate the enemy targets by the use of radio
signal transmitters. The senior observer controller coordinates
the presentation of targets to achieve unit tactical training
objectives.

For each brigade rotation, one battalion task force performs
on the live-fire range during the middle of its rotation while the
other battalion task force from the brigade undergoes the live-
fire training at the end of its rotation. It should be noted that
the typical Brigade rotation includes one Armor Task Force and one
Mechanized Infantry Task Force. A sample 14-day rotation schedule
for each brigade rotational cycle appears below:

MISSIONS CONDUCTED MISSIONS CONDUCTED

TF conducted the following missions TF______ conducted the following missions
during thejr NTC training period: during their NTC training period:
DATE MISSION DATE MISSION

Deliberate Attack Deliberate Day Attack

Defend in Sector Deliberate Night Attack

Defend Battle Position (Day) (LFX) Nefend in Sector

Defend Battle Position (Night) (LFX) Defend Batt.s Position

Movesent to Contact (LFX) Movement to Contact

Movement to Contact Delay in Sect*or

Defend (to Retain) Battle Position Defend Battle Position (Day) {(LFX)

Neliberate Night Attack Defend Battle Position (Night)(LFX)

Movement to Contact Movement tco Contact (LFX)

3
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PROCEDURES

This section of the report describes the technical approach
used to investigate the three study issues. [t has been organized
into three sub-sections: Scope, Data Source. and Data Analysis.
Each of these provides the technical details necessary to fully
evaluate the results to be presented in the next section.

Scope

The live fire data used for this investigation were drawn
from the battalions that went through the NTC in the period of
early 1982 through late 1984. This period was selected because of
the relative stability of the NTC training environment during that
time. Information gathered through interviews with NTC personne)
and a review of relevent NTC documents has indicated that the
live-fire range was operated in a consistent manner for each
battalion rotation during this period.(1) More specifically, the
inquiry revealed the following information:

(1) The targets exposed were generally the same for each
battalion; i.e., their distribution and presentation were
presented in accordance with similar scenarios that allowed each
battalion an equal opportunity to engage the targets under like
conditions. The average number of targets exposed was slightly
higher for each battalion during the second period, though this
difference was statistically significant for only one of the three
missions (see Table 1 for the individual significance test
results).

(2) Each battalion generally occupied the same positions on
the defensive missions and traveled the same route during the
"Movement to Contact” mission. Thus, line of sight to the exposed
targets was similar for all battalions (Figures ! and 2 of this
report present a schematic diagram of the general unit position
locations wWith respect to target locations).

(3) The same procedures for scoring target hits and kills
were followed throughout the 2-1/2 year period. Thus, hits and
kills were credited in a consistent manner for each battalion
rotation.

(4) A review of the observer controller comsments in the Take
Home Packages did not reveal any pertinent information concerning
changes which might have influenced performance during this
period.

Therefore, based on the above information, it was felt that
performance in this period could be investigated with soame
confidence that factors external to the battalion task force were
constant and not likely to be a major contributor to differential
performance.
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Data Source

The live-fire data were extracted from fifty-four (54) Take
Home Packages (THP). These data represented the live-fire
performances of 96% of the battalion task forces that trained at
the NTC from early 1982 to late 1984. Data from the remaining 4%
(2 battalions) of the task forces were either not available, or
erroneous due to target equipment malfunctions on the live-fire
range. It was felt that exclusion of this small amount of data
from the investigation would not adversely affect its
generalizablity or statistical power.

The live-fire results reported in the THP generally included
the following data.

- Number of Targets

- Percent of Targets Killed

- Tank Rounds Fired

- Tank Round Hits and Kills

- Tow/Dragon/Viper Laser Firings

- Tow/Dragon/Viper Laser Hits and Kills

These data presented ample opportunities for conducting
preliminary research on battalion task force performances at the
NTC. The performance data was first extracted from the Take Home
Packages and consolidated onto tables as shown in Tables -1
through 1-3, Appendix 1. Using these data, a computer data base
was established to assist in sorting and analyzing the data. In
all cases, unit designations were omitted to preserve unit
anonyaity.

As indicated at the start of this report, an exploratory data
analysis (Tukey, 1977) approach was employed in this study. This
resulted in a series of analyses being conducted and all aimed at
understanding the structure of the data from the live-fire range
at the NTC. Specifically, analyses were aimed at satisfying the
first two objectives of the exploratory data analysis approach
(Hartwig and Dearing. 1979):

(1) Understand each variable as a separate entity.
(2) Understand pairs of variables as relationships.

A number of data analytic techniques were applied to the
live-fire data base. The initial efforts used univariate
descriptive statistical techniques. The results of these were
used to generate a picture of performance at the NTC. Generally,
the results were transferred into graphic display. Somewhat more
sophisticated techniques including T-tests and regression were
used to examine bivariate relationships between different factors
and performance at the NTC. The results from these techniques
have been tabled for inclusion in this report.
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g An important decision influencing the results contained in

A this report was the selection of a primary variable as measure of

b task force performance. Of the available variables. the one which

seemed to most directly reflect overall unit performance was the
PERCENTAGE OF ENEMY TARGETS KI!ILLED. |

g an = o)
EEE

P

It was also decided that because this report was designed to |
provide some early insights into unit performance changes at the
NTC. only individual battalion performances would be considered
and analyzed. That is, their performances would not be aggregated

.
. o
v..?

-

5

o and analyzed at the brigade and division levels. However, an

.35 analysis of that order would be a logical follow-on to this

js analysis once a better understanding of the performance data at

e the battalion level is developed. For the same reason, only the

o effects of the tank ballistics are considered in this study

, although the performance of the Tows/Dragon/Viper laser firings on

;j the live-fire range might also be investigated for a subsequent

WY study. However, a review of the live-fire data in Appendix I shows

fb that the tank ballistics data provides a more meaningful analysis

ey due to the greater variablity in that data as compared to the

' narrow range in values for the Tow/Dragon/Viper laser data.(2)
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RESULTS

As indicated in the introduction to the report., three issues
were selected for investigation here. The results for each of the
issues are presented separately, below. The conclusions based on
these findings are presented in the subsequent section.

Has Battalion Task Force Performance Changed Over 7ime at the NIC?
The answer to this issue provides some insight into the
possibility of improved battalion task force performance at the
NTC. Clearly, if one views the NTC as a measuring stick for
battalion performance then it is critical to know whether
performance is getting better, worse, or staying the same.

This issue was addressed initially by examining the
performance of al) battalions that visited the NTC over time.
Figures [I-1 through [I-6 in Appendix [l show bar charts of the
percent of targets killed by all battalions for the period early
1982 through late 1984. The data in these bar charts show a clear
trend towards an increasing percentage of targets being killed in
the latter period of the rotation schedule. The statistical
summary of the live-fire performances supports the graphic
depiction and is presented in Table 1, next page (in order to
perform a statistical analysis of this trend, two periods were
arbitrarily selected for comparison; e.g., the last 12 months of
performance data was compared with the previous 18 month
performance data).

As can be seen from Table 1, the units which trained at the
NTC during the last 12 months had a higher average percent kill
rate for all three missions than did those units which trained in
the first 18 month period. The table shows that for the mission of
"Defend from a BP (Day)"”. the combined percentage of targets
killed by the Armor and mechanized units improved by 5.86% in the
second period (from 29.95 % to 35.81X). In the "Movement to
Contact” mission the improvement was 10.12% (froms 28.47% to
38.59%). This difference was statistically significant at the
p<c.01 level.

A review of Table 1 also reveals a significant increase in the
number of tank rounds being fired during the second period. This
increase was statistically significant (p<.01) for both the
offensive and night defensive missions. The number of targets
also increased to some degree, though this was only significant
(p<.01) for the night defensive mission. The importance of these
factors are discussed later in this section.

The data used in the analysis reported above were derived
from all the Battalion Task Forces in the study period. Some of
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K TABLE 1

. Live-Fire Performance Summary of al) Battalion Task Force
Rotations (Armor and Mech Combined)

R N &

E Mission Defend from |[Defend from Lovo-ont to
X BP (Day) BP (Night) Contact (Day)
! X SD X sD X sSD
Pirst % TGTS
Period KILLED BY oo

g (First TANK RDS 129.95 18.%¢ ) 11.17 9.33 ] 28.47 8.32

18 Mo's)
TANK RDS e se
({n=30) PIRED /109.12 100.78 }/130.76] 80.27 {299.03 188.32

{ NO. OF
TGTS .o
¥ EXPOSED 85.33] 4Jee ]l 02.10] s.6 64.10) 12.93
s Second ¥ TGTS ‘ \ ‘\
o Period KILLED/BY os
: (Last- TANK RDS 35.81] 12/.45] 14.33] 10.1 3s.%9| 14.10

12 Mo's)
TANK RDS e e
(n=26) | PIRE 231.96 111:90 222.00 90.01\ 469.38 [168.61

NO. OF

TG?

EXPQSED 85.57 .69 88.83 6.18 70.621 11.50
! Statistical [significance of ¢ifference between rforaances of
K first perid and second period
; * p< .08
; *e p ¢ .01

3.16% Improvement

_ $.86% Improvement 10.12% Improvement
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N ) the battalion task forces were actually the same battalion on a
l&« repeat visit to the NTC while the remainder were one-time visitors
: to the NTC. To determine whether the apparent improvement over
N time was due to the repeat visits of certain battalions or to some |
4 other phenomenon, separate analyses were conducted for battalions ‘
N that visited the NTC once versus those that made repeat NTC
W visits.
L ‘
) Performance of One-Time NIC battalions. Figures I1-7
N through 11-12, Appendix II, present the bar charts of the percent
b of targets killed by the one-time visitors to the NTC. As with
j} the above analysis of all battalions together, the one-time
%\ visitors to the NTC appear to have performed better in the latter
WY period of the rotation schedule, particularly in the "Movement to
Contact” offensive mission.
i
I Comparing the last 12 months of performances with the earlier
K. performances (Table 2., next page)., we find increases in all three |
W missions although none of the differences were statistically 1
. significant. The increases were 6.74% for the day defense (from :
25.10% to 31.84%), 3.81iX for the night defense (from 12.21% to i
e 16.02%), and 9.5% for the offense (from 29.71% to 39.21%). |
s
E: Performance of repeat performers at the NIC. There were
': thirteen (13) battalions with repeat visits to the NTC during the
ot period under study. Twelve battalions had two rotations and one
. had three rotations for a total of 14 repeat performances. The
::. average time lapse between repeat rotations was 15 months with the
b periods ranging from 8 to 21 months.(3)
)
S Figures [1-13 through I1-15, Appendix [I, present the bar
Rs charts of the performances of these 13 repeat NTC visitors. They
J show that of the 42 repeat performances (fourteen for each of the
" 3 missions), 24 showed improvement in the follow-on rotations., 4
AN : .
O showed no improvement. and 9 showed a decrease in subsequent
S8 performance. There were five cases where ro data was available.
‘a: The "Movement to Contact” mission showed the most cases of
‘i% improved follow-on performances (11 out of 14 rotations). It
. should also be noted that 12 of the 14 repeat performsances
;i occurred in the last 12 months of the 2-1/2 year period under
3 consideration.
)
fsﬂ The results of the statistical analysis of this data is
- presented in Table 3, page 17. The analysis cospares the
el battalion's performance with its subsequent performsance.
N
l"'
wh
B W)
ﬁ‘l
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TABLE 2

Live-Fire Performance Summary of Battalion Task Forces With One-

Time Rotations (Armor and Mech Combined)

Mission Defend from Isefend from Movement to
BP (Day) BP (Night) Contact (Day)
X SD X SD X SD

First % TGTS
Period KILLED BY
(Pirst TANK RDS 425.10) 14.79| ,12.21 010.31 129.71 7.87
18 Mo's)

TANK RDS g hd
(n=18) FIRED /;44.57 63.39]1/114.14] 80.97|/279.40]170.68

NO. OP

TGTS se

EXPOSED 85.80 6. 82.93 3.490 ]| 61.29] 185.73
Second % TGTS \ \
Period KILLED BY
(Last TANK RD 31.84 9.718% 16.02) 11.7%28 39.21] 17.30
12 Mo's) |

TANK S oo Ja .
(n=14) FIRED 196.00 115133 206.07] 80. 417.33(179.87

NO. O

TGTS se

EXPOSED 86.18 303 88.46 6.00 67.08}) 15.42
Statistical sfignificance of dffference between performances of
first period /and second period

* p < .08
** p < .01 ;

6.74% Improveaent

|

3.81% Imprcvement

9.5%% lsprovement

'
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j{ The results presented in Table 3. next page. show a slight

N improvement in the day and night defensive missions between first
v and subsequent rotational visits (+3.30% for the day defense,

N +0.48% for the night defense). However, the "Movement to Contact"”
e mission shows a statistically significant increase {(at the p<¢.01)
o of 11.66%. It is interesting to note that the one statistically

N significant improvement found in the analysis of all battalions
o> together (Table 1) was for this same mission. In fact, the size
<) of the increase is very similar (11.16% compared to 10.12%).
v

;ﬁ A comparison was made between the first performances of the
e battalions which had repeat visits to the NTC with the
N performances from one-time NTC battalions for the same approximate
oy time period to see if the two groups could be considered

comparable. This analysis produced no statistically significant
O (p<.05) results. Thus, it would appear that the two groups could
AGR be considered as similar and from the same statistical population.
s
?* The previous results clearly show that performance. as
' measured by the percent of targets killed, has increased at the
NTC. Investigation of whether this might be due to the repeat

’}; visits of some of the battalions produced mixed results. That is.

o some statistical support for that notion was provided by the

-3: results for the"” Movement to Contact” mission; however, no
o evidence was found for the other two missions. In fact, the
L difference in performance for one-time NTC battalions across the
. two periods was greater than that for the repeat battalions. It
~7 would seem, then, that the increase in performance cannot be
':j attributed primarily to experience gained by repeat NTC visits.
N
N
)
J-
o
! ‘o
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pis
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TABLE 3

Live-Fire Performance Summary of Battalion Task Forces With Repeat
Rotations (Armor and Mech Combined)

Mission Defend from Defend froa Movement to
BP (Day) BP (Night) Contact (Day)
X sD X SD X SD
% TGTS
KILLED BY s
FPirse TANK RDS 134.56 15.80 111.06 8.36 4126.13 8.20

FIRED 113.186 /;61.00 87.70]/326.86 R40.49

NO. oF :
\ 84.93

TGTS
EXPOSED

Rotation
(n=13) TANK RDS
238.86

. .
{;59 81.00] 12.37 63.5%0 9.01

% TGTS \ \
KILLED BY ) e
Subse- TANK 37.86] 13/.98 11.5¢ 7.47 37.79 9.94
quent
Rotations] TANK S .
(n=14) FIRED 248.93]119.34] 227.38(110.57 ] 485.29 pN66.38
NO. ©
TGTS * *
EXPOSED 84.86 2.18 88.46 6.37 74.07 3.6%

Statistical ignificance of [difference between| performances of
first rotatiofp and subsequent frotations:
*p < .05
** p < .01

0.48% Improvement

3.30% Improvement 11.66% Improveament

15
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formances of the Armor and Mechanized Infantry Task

How do the Performances of the Armor and Mechanized Infan
?

Eorces Qiffer?

The second issue investigated in this report concerns the
question of whether the Armor Task Forces and the Mechanized Task
Forces have similar performance characteristics. Again,
performsance is examined across time and for all battalions, one-
time battalions, and repeat battalions.

Al]l battalions. When considered separately by Armor and
Mechanized Infantry Task Forces (Table 4, next page), the
combined performances of one-time visitors and repeat visitors in
the second period continued to reflect improvement over the first
period with the exception of the day defensive mission for the
armor units which showed a slight decrease in the percent of
targets killed. The overall improvement in the combined three
missions for the mechanized units was 31.08X% target kills as
compared to 7.26% for the armor units (sum of the means of the
second period minus sum of the means of the first period). The
differences between the first and second periods of performance in
the offensive and day defensive missions for the mechanized units
were statistically significant at the p<.05 level. The data also
reflected a higher percent of targets being killed by armor units
throughout the two periods under study as evidenced by the total
of the means for both type organizations.

Therefore, while the armor battalions averaged a higher
percentage of target kills throughout the two periods. the
mechanized infantry had a better improvement rate for those same
two periods.(4)

One-time battalions. The investigation of the one-time NTC
visitor performances, when analyzed separately by armor and
mechanized units (Table 5, page 20)., again shows an increase in
the performances on all three missions by both types of units.
Applying the same computational procedures used in the Table 4
discussion, we find that the largest improvement took place among
the mechanized units (20.95% compared with 14.77% for armor). The
armor units, however, killed a greater percentage of the targets
over this period of time (an average of 28X kills for the armsor

units versus 22% kills for the mechanized units).

Repeat battalions. For battalions which visited the NTC more
than once, the performances of the armor and mechanized units are
reported in Table 6. page 21. The largest improvements occurred
in the mechanized units (28.19% net improvement in the mechanized
units versus 5.48%X improvement in the armor units). Although the
armor units again achieved a higher percent of target kills, their
performance actually decreased in two of the three missions
between first and subsequent rotational visits as noted at Table

6.
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TABLE 4 ‘

Live-Fire Performance Summary of Al)l Battalion Task Force
Rotations (Armor and Mech Separately)

I. Mechanized Infantry Taek Forces

Mission Defend froms Defend from Moveaesnt to |
3P (Day) 8P (Night) Contact (Day) ‘
z - z I
F-‘"be-d_- 1 SD }
Pirst % TGTS ; — ] ; ‘
Period KILLED BY . B
(Pirst TANK RDS 21.76 0.38 8.18 7.09 24.11 7.3 $X = 54.08%
18 Hots) TANK RDS se se 1
(ne18) FIRED 144.30] 080.92 07.27] 60.44 | 2196.07] 84.44
RO, OF .
TGTS hd
EXPOSED 06.00 6.19 19.A68) 12.08 39.36] 13.9%
Second % TaTS
Period RILLED BY . ] R _
(Last TARX RDS 34.24} 16.00 13.43 7.0 37.4 19.3¢ $X = 8s.13%
12 Mo's) TANE RDS . .o " ee 2
(n=12) PIRED 220.70112%9.42[179.3¢ 63.04 ] ¢96.238}1182.01
0.7 N . Zi—l 'ii =+31.08%
TGTS 2 1
EXPOSED 09.80 2.90 88.78 9.5 T2.91 8.98

I11. Arsor Task Porces

Mission Defend from Defend from vensnt o
BP (Day) BP (Night) Contact (Day)
X ) X sD X $D
Pirse ¥ ToTS r_"—
Poriod KILLED BY .
(Pirse TANE RDS 38.13] 16.9%0 13.81) 10.45 32.8%¢ 8.96 Y =
16 Mo's) zxx 84.48X%
TANX RDS .
(ne19) FIRED 231.931101.33] 184.93] 78.91] ¢04.20]139.33
%0. OF
GTS L4
EXposSEd 84.687 1.29 84.20 1.90 68.953 7.3%

Second s TGTS
Period KILLRD BY

(Last TANT DS 31.08 e.a1] 1s.: 12.38] 30.59 13.48 $X = 91.74%
12 Mo's)
TANK RDS . 2
{n=1)) PIRED 240.62]110.09] 264.79] 107.02 480 .38] 186.9¢
¥o. or : _ _
1618 . ~$X =¢7.26%
txposLD s3] 2.0 u.:ﬂ 1.03] es.33] 13.2¢ 2x2 3 1

Statistical significence of difference between perforaancs of
first period and second perlod:

*p < .08

** b ¢ .01
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TABLE 5

Live-Fire Performance Summary of Battalion Task Forces With One-
Time Rotation (Armor and Mech Separately)

t. Mechanized Infantry Task Forces

Miseion Defend from Defend froa Movement to
8P (Day) BP (Night) Contact (Day)
X sn X sn X sD
First ¥ TGTS
Period KILLRD BY -
(Piret TANK RDS 20.687 7.80 8.99 8.34 26.07 $.3¢ $X = 5%.69%
16 Mo's) 1
TANK RDS . .
{n=8) FIRED 102.29 [ 37.%1 79.43] 62.37] 183.38 | 90.3)
NO. OF
TIGTS *
EXPOSED 87.00 8.49 82.29 4.99 $3.43 | 10.27

Second % TGTS
Period KILLED BY

{Last TANK RDS 26.37]13.608 12.72 4.29 37.95§ 20.20 $X = 76.684%
12 Mo's)
TANK RDS i .
(n=3) PIRED 180.00 78.91] 153.60 | ¢7.81] 382.00 N71.49
¥O. oF zxz X =+420.95%
TGTS . 1
EXPOSED $8.5%0 3.00 29.67 6.86) T70.80§ 13.5%4

11. Armor Task Forces

Mission Defend from Defend froa Moveaent to
8P (Day) 8P (Night) Contact (Day)
X sp X sp X sD
Pirst % TGTS r—
Period KILLED BY '
(Piret TANK RDS 30.19] 19.87 19.48F 12.88 33.38 8.62 =
18 Mo's) le. 18.98%
TANK RDS .
(n=?7) PIRED 106.86 ] 55.92] 140.086] 08.61] 389.14 [179.13
NO. OF
TGTS
EXPOSED 84.43 1.13 3.7 2.36 89.14 7.63

Second % TGTS
Period KILLED BY

(Last TANK DS 34.97] s.sal 1s.38f 15.08] «o0.40} 16.92 $X = 93.78%
12 Mo's)
TANK RDS . 2
(n=7) PIRED 208.14 | 76.90] 243.¢3} 80.17] 4e2.57{194.7¢
No. or
‘ 16TS
d EXPOSED se.88] 2.27] e7.43] s.s0] ee.a3] 17.15 - _
* : 22X -3X =+14.778%
: 2 1

Statistical significance of difference detween perforaance of
first period and second pericd:

*p«< .08

** p ¢ .01

; 18




TABLE 6

Live-Fire Performance Summary of Battalion Task Forces With Repeat
Rotations (Armor and Mech Separately)

I. Mechanized Infantry Task Forces

Miselon Defend fros |[Defend fros Movesent to
89 (Day) B3P (Night) contact (Day)
X 1) X sD X sD
% TATS .
KILLED BY . _
rirst TANK RDS 23.67§ 10.33 0.33] 10.38] 19.4¢] 6.8 $X = 51.44%
Rotation | 1
{ne§) TANK RDS se
TIRED 199.67) 98.39 69.47] 10.69] 213.83] 80.40
»O. OF
TGTS
IXPOSED 85.00 1.67 78.30( 19.69 63.17] 11.29
8 TGTS
KILLED BY ° _
Subse- TANK RDS 31.40f 17.353] 10.80} 7.88 37.43] 11.09 $X = 79.63%
quent 2
Rotations) TANK RDS oe
(n=1) PIRRD 210.60] 90.72] 176.00] 42.01] ¢69.43[16¢.92
». or $X -$X =+28.19%
TGTS 2 1
IXPOSED 84.00] 0.00] 06.60 4.22 19.14¢ 2.%4
II. Arsor Task Porces
Miseion Defend from ‘;;fond from Movement to
8P (Day) P (Night) Contact (Day)
g T S I - .an__’_L_‘ 1’
¥ 7673
KILLED BY
Pirst TANK RDS 42.73] 14.47 12.23 7.88 31.14 9.32 = .
Rotation 4 L 281= 86.10%
(n=7) TANK RDS
FIRED 271.25]118.64]/200.14] 74.463] 411.63]109.12
NO. oF
TGTS *
IXPOSED 84.08 1.p8 84.03 1.1} .67.28 7.19
% TGTS
KILLED BY -
Subse~ TANX RDS 41.44] 14.10 12.00 8.38 38.14 9.9 X = 91.58%
quent 2
Rotationsy TANK RDS
(n=7) PIRED 270.22]12B8.78} 299.350)129.93]| %01.1¢]179.3¢
wo. or X - $X =+5.48%
16TS ixz zx,’
EXPOSED 08.3 2.683 28.29 7.71 73.00 4.43
Statistical ssignificapce off difference between first rotation
performance and subs ent rqtacions:
* p < .08
! ** p ¢ .01
s v/
y{; teczrease In Perfcrzance
<
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analyses above is that the configuration of the task forces
changed during the period under study. Specifically, the task
forces began to convert from the H-series MTO&E to the J-series
structure during the latter months of the 2-1/2 year peried
studied here. This conversion resulted in the addition of an
average of seven tanks per Mechanized Infantry Task Force (the
task force average went from 11.30% to 18.75%X) during the last
twelve months with the greatest change taking place during the
last eight months. However, the conversion had little impact upon
the strength of the Armor Task Forces where the average number of
tanks increased by two tanks, going from 25.67 to 27.69 tanks.

The change in the number of tanks certainly contributed to
the findings in paragraphs above which showed that the Armor Task
Forces killed more targets but that the Mechanized Infantry Task
Forces had a greater improvement record between the first and
second periods. The impact of the number of tanks upon
performance is discussed in the next section.

———— et e, S-S - - o . e T e oy e e e e ——— o ———

The analysis addressing the previous two issues provided not
only a univariate understanding of NTC performance but also the
relationship of that performance to two other factors: time and
battalion task force type. This issue expands the investigation
to two other factors which might influence or be related to NTC
live-fire performance: gunnery accuracy and volume of fire. The
results from the analysis of these factors are presented
separately below.

Gunnery accuracy. Table 7, next page. presents the "rounds

per hit" and "rounds per kill" data which represent the accuracy
of the tank crews.

The data on the Mechanized Infantry Task Forces show an
overall decrease, albeit slight, in accuracy between the first and
second periods (0.73 additional rounds required per kill and 2.69
additional rounds per hit in the second period) while the Armor
Task Forces show a slight increase in gunnery accuracy (2.04 fewer
rounds required per kill and 2.94 fewer rounds required per hit in
the second period). These slight differences between periods
appear to rule out increased accuracy as a major reason for the
increased performance between the two periods. In fact, none of
the statistical comparisons between the two time periods produced
significant differences. Therefore, it seems unlikely that
gunnery accuracy is a factor contributing to the change in

performance observed in the earlier data.
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TABLE 7

Comparison of Rounds Per Hit and Rounds Per Kill For Armor and
Mechanized Task Forces

1. Mechanized Infantry Task Forces

Mission: Defend froam Defend Froa Movement to Mean
.1 4 {Day) B8P (Night) | Contact (day) of

rirst X $D X sD H sp i i
pPeriod - i
(Pirst Rde/K111] 7.8 .38 21.83 30.38 16.9) 3.26¢ [14.72

18 mo's)

n=19 Rds/Hit 3.40 1.64 7.62 6.20 7.14 3.29 | ¢.08 +0.73
Second
Period Rds /K111}1 9.0) 7.62 18.9% 11.178 16.77 6.60 {135.45

(Last +2.69

12 no's)

n=18 Rds/Bit 3.34 4.42 11.96 9.08 .93 .74 l.74“

1. Arsor Task Porces

Mission: Defend froms Defend Froa Movement to | Mean

8P (Day) B3P (®ight) Contact {day) of
First X 8D X ) X 30 X
Period
(Firet Rds/X111 | 8.39 4.63 36.14 35.36 19.43 9.97 |20.99
18 mo's) | _ ) ™
n=31§ Rds/Rit 3.72 2.22 28.98 55.08 8.70 3.11 113.00

-2.04

second y
Period Rds/Ki111 ] 7.61 3,37 29.93 10.92 19.30 6.70 [18.93
(Last
3 e e) N-2.94
n=1@ Rds/Hit 3.687 1.08 19.48 13.22 9.48 6.10 J10.8
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Volume of fire. The second area investigated as a possible
factor relating to the change in percentage of targets killed was
the volume of fire. This area was examined using two different
but related measures. The first was the absolute nuaber of tank
rounds fired per mission. This measure provides an overall
indication of the volume of fire for any particular live-fire
mission. However, since the volume of fire measured in this way
is clearly dependent upon the number of tanks (which changed
during the study period), a second measure, number of tank rounds
fired per tank, was also analyzed. This measure which controlled
for the number of tanks participating on a mission provided a
better comparative yardstick for investigating the relationship
between volume of fire and percentage of targets killed.

The initial step in investigating volume of fire was to
determine whether it had changed over time at the NTC. Table 8
below is an extract from Table 3 showing the number of rounds
fired by a1l Armor and Mechanized Infantry Task Forces in the
first and second periods. The number of rounds increased quite
dramatically from the first to second period for each mission (the
differences are statistically significant for three of the six
cases). The greatest increase in rounds fired was in the
"Movement to Contact” mission. The average increase in number of
rounds fired by the Mechanized Infantry Task Forces was higher
than that of the Armor Task Forces (+141.86 for Mechanized
Infantry compared to +61.56 for Armor).

TABLE 8

Comparison of Tank Rounds Fired Between First and Second Periods

DEFENSE DEFENSE orrEINse
TIME Mission | MIssIom MISSION
PERIOD | TP (DAY) (NIGET) (DAY)
X x x MEAN OF I
PIRST oo ee
peRtop | m | 144.%0 $1.21 193.07 142.28
FIRST * +141.86 Rounds
ga mo's)l A | 231.93 164.93 404.20 267.02
SECOND e oo
PERIOD u | 220.70 179.36 456.36 zcc.xc-') +61.56 Rounds
(LAST T _
12 0'S)| A | 240.62 266.79 480.38 328.950
statistical significance of difference in X's between first and
second periods: * p< .08
*s pc .0t
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The increase in volume of fire noted here was at least
partially due to the increase in the number of tanks between the
two periods. However. it was also possible that an increase 1n
the rounds fired per tank may have contributed. To investigate
whether this was the case. the rounds per tank for the two periods
were compared.

This comparison showed that indeed the average number of
rounds per tank increased over the two time periods.
Specifically., the Mechanized Task Force increased from 12.93
rounds per tank to 15.61 in the second period. The Armor Task
Force also increased by slightly less than two rounds per tank
{going from 10.51 to 12.04). Both of these changes were
statistically significant (p<.05). Thus. the increase in total
fire volume can be seen to be due both to the increase in tanks
and an increase in rounds per tank.(5)

The above results show that an increase in targets killed
coincided with an increase in tanks and an increase in rounds
fired. This suggests that an increased volume of fire per tank
may provide for an increased percentage of target-kills. To
explore this further, an analysis of the association between the
number of rounds fired per tank by each battalion with that
battalion's target kill percentage was performed. The purpose of
this analysis was to investigate whether there was statistical
credence for a relationship between performance and rounds fired
per tank when controlling for the variance in the number of tanks
across the battalion. Note that unlike previous analyses, the
time period was not directly a consideration in this analysis
although that variable is addressed in the Figures and discussion
below.

Separate analyses were conducted for each mission. The
results of the analysis of all three missions are included in
Figures [I1I-1, 111-2, and III-3 in Appenzix IIl. The analysis
took the form of a two variable regression using, as indicated
above, the percent of targets killed and the number of rounds
fired per tank for a battalion.(5) The results from this analysis
provide an indication of the nature of the relationship between
these two variables and could potentially be used for eventual
prediction of battalion performance in the future.

For the offensive mission a statistically significant and
positive relationship was found between the average number of
rounds fired per tank and the percent of targets killed by that
battalion. The regression analysis produced a line depicted in
Figure [II-1, page [II-1. As can be seen, the slope of the line is
positive, indicating that the greater the number of rounds fired
per tank, the greater the percent of targets killed.
Specifically, the slope indicates that an increase in one round
fired per tank throughout a battalion results in .75 percent more
targets killed for that battalion. Thus, there was somewhat less
than a one-to-one relationship between the number of rounds fired
and the percent of targets killed. It should be noted that the
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nuaber of rounds fired explained 17% (statistically significant
P<.01) of the variability in the performance observed in the
percent of targets killed by battalions at the NTC.

Similar and somewhat stronger results were found for the day
defend mission as can be seen in Figure [I11-2, page 111-3. Again,
the results were statistically significant (P<.01) with a positive
slope between the two variables. The slope of this line is such
that for each incremental increase of one round per tank
throughout the battalion, there is an increase of some 1.5% of
targets killed for that battalion. Thus., for this mission, a
greater than one-to-one return is achieved on the incremental
round per tank. Further. the regression of this single variable
accounts for slightly more than 20% of the total variation in the
percent of targets killed.

The results for the night defend mission, Figure [II-3, page
[II-5. were not Qquite as strong as for the previous two missions,
though they were still statistically significant (p<.05). 1In this
case the regression of the number of rounds fired per tank
accounted for about 10% of the total variability in the percent of
targets killed. It is interesting to note that the slope of this
regression line(.984) indicated that with each additional round
fired per tank that one could expect about an additional one
percent additional loss of enemy targets. Lastly. an examination
of the plot of this relationship shows that part of the lower
predictability for this mission is probably a result of the skewed
distribution for rounds fired per tank. This distribution is
positively skewed with most of the observations having values
falling between 4 and 10 rounds per tank. To some extent this
skewness is probably attenuating the correlation between these two
variables.

Although these data were analyzed independent of the
chronological event, the plots indicate the time period for each
data point: i.e., the symbol 1 indicates units from the first
period (first 18 months) and the symbol 2 indicates units from the
second period (last 12 months). Using the intercept of the means
for the number of rounds per tank and the percent of targets
killed as a comparison point (denoted in the Figures by a "+"), we
find that:

(1) In the offensive mission, 13 of the 16 battalions that

exceeded both means were from the second period:

(2) For the day defensive aission, 10 of the 14 battalions

that exceeded both means were from the second period, and:

(3) In the night defensive mission, 10 of the 14 battalions

which exceeded the means were from the second period.

It is apparent from these analyses that volume of fire, as
measured by the rounds per tank for a battalion, is positively
related to the percentage of targets killed. This implies that a
unit with higher rounds per tank will achieve greater results at
the NTC. The translation of this finding into practice is
something which requires additional study at the process level.
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CONCLUSION

Using the "percentage of target kills" data as an indicator
of meaningful unit performance on the live-fire range at the NTC
and comparing the battalion performances in the first 18 months
with those of the next 12 months of a 2 1/2 year period (early
1982 to late 1984). this study found that:

(1) The percent of targets killed by the tanks of the Armor
and Mechanized Infantry Task Forces increased between the first
and second periods of this study.

(2) The increase in percent of targets killed between the
first and second periods was attributable to both one-time
visitors to the NTC and to repeat visitors to the NTC. Therefore,
the differences in performance was a function of some phenomena
associated with time and not just some advantage factor acquired
through repeat visits to the NTC as might be expected.

(3) The change in performances on the live-fire ranges was
probably not a function of the activities involved in the
operation of the live-fire range by NTC cadre; i.e., the live-fire
exercises were conducted in a uniformly consistent manner
throughout the 2-1/2 year period of this study.

(4) The change in percent of target-kills over time was not
related to gunnery accuracy as this did not change over tise.
However, a significant increase in the volume of tank rounds fired
by both the Armor and Mechanized Infantry Task Forces in the
second period was likely related to the observed increase in
target kills.

(5) The increase in rounds fired was related to an increase
in number of tanks assigned to the task forces (particularly to
the mechanized units) in the second period and to an increase in
the number of rounds fired per tank.

(6) A positive and statistically significant relationship
was found between the number of rounds fired per tank and the
percent of enemy killed. This relationship was strongest for the
day attack and day defend missions.
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END NOTES

1. Information provided through an interview with the former
Chief of NTC Operations Group. Col. (Ret.) Shackelford., who held
the position during the period covered by this report: Report
entitied "National Training Center Perspectives, February 8.
1985". Take Home Packages.

2 The Hit and Ki1]l data of the TOW's/DRAGON/VIPER laser firing
weapons reflected sub- par performances as compared to the tank
ballistics. Although gunnery skills may have had a bearing on
that outcome, the problems associated with the inability of the
‘aser to penetrate smoke and dust on the live-fire range probably
had a significant impact on the overall performances of these
weapons systems.

3. A two-way analysis of variance was performed for each mission
employing type of unit (Mechanized Infantry or Armor) and time
period (first 18 months versus last 12 months) as the two factors
n the design. The time period factor was statistically
significant (p<.05) for all three missions. The type of unit
factor was found to be statistically significant (p<.01) only for
the day defensive mission. The interaction effect was not
significant in any of the analyses.

4. While the employment of a measure which incorporates the
number of tanks into its calculation should control the influence
of that term. two analyses were conducted to determine the degree
of that control. First., correlations between number of tanks and
rounds per tank were computed. These were done for all missions
and time periods. With one exception (Year 2 day attack mission
r = -.48)., the correlations were not significantly different from
zero. Further, an analysis of covariance was performed using
number of tanks as a covariate. time period as the independent
factor and rounds per tank as the dependent measure. The results
of these analyses parallel those for the T-tests on time period
reported in the body of this report.

5. A multiple regression analysis by mission was also performed.
The model included number of tanks and rounds per tank, the
results of these analyses indicated a better overall fit to the
data than that for the simple bivariate regression reported in the
text. The squared multiple correlation coefficients for the three
missions (Day Attack. Day Defend, and Night Defend) were .35, .53,
and .13 respectively. Each of these was statistically
significant, with the first two exceeding the .01 level and the
last satisfying the .05 level. The improvement in fit (as
measured by the increase in proportion of variance accounted for)
was 18%. 33x. and 3X. The first two of these were statistically
significant.

The focus of the present discussion on rounds per tank 1is
consistent with the intent of these analyses to uncover factors
related to performance which might possibly be influenced by
training.




Attt diad diadi i S d e diad el A A A A e A0e Ade Ale Abe Mis Al Sha ad ade chd b A sk oma of acd onf aad p A A8 2 s A o '1

Sl ‘

SR ARR
LAV 2P o

F LA

o~
R R N
LR AR ]

' THIS PAGE INTENTIONALLY LEFT BLANK

e ;
LKA N,

L

P -:.}%}"I'.)

A
‘s 30

"

":.|'o'l..jb PLS Ok
Tl . i B ¥ .

e T e ey




AN
J"”'.'
&
o
! REFERENCES
a\.:
T:-;. Hartwig, F. with Dearing., B.E. Exploratory Data Analysis. Beverly
o Hills, CA: Sage. Inc. 1979.
R Letter., Subject: Observer Controller (0C) Standard Operating
‘?_ Procedures {(SOP). HQ National Training Center and Fort Irwin, CA
Lo (Department of the Army). Undated.
o
?ﬁ‘ Shackelford, W.L. NTIC Perspectives. BOM Corporation Proprietary
xf:i Report., Monterey, CA. 1985.

. Tukey., J. Exploratory Data Analysis. Reading. MA: Addison-Wesley,
o Inc. 1977.




APPENDIX I - PERFORMANCE TABLES

-{- ’-

. PN e N

7

o
5 &8 A
2 s A A

s
2 o

1

I-p

FaT ke ey LN, R i, M e
AL LA L AL b’..lt‘. WS
R o , Rl



I A A S e et A el A AR A et (AR el ntia" seaceganaa-as . g Lo s o
Table [-1
Performance Data for Defensive Mission {Day)
LIE-FIRE (EFERSE)
DEFEND FROM & MTTLE POSITION (SAY RISSION)
TAK MLLISTICS TON, MADR/VI PR ASER
[ W OTF |9, TETS[T KILLED fra €96 | ALTS  [ROSAMIT | KIULS 1 $1FY t IN.LE:IYID/' 0| Nty WMy TILLS] /eI
" otaas| Flee n UM i
| A () [} k] 191 t n 3 ! 0 [ a/a f a/a
] [ ) n o) " ? n ] ale " " n/e va aa
2 \ " u w |9 3 n * 1 ' ‘ 1 ) s
] ) 1 ) 1 ' ' 12 1 T I, ] 1 ) s
3 ’ " 2 n | m 1 ) 3 ' ) ! 1 3 1
" “ " n . ] ' 13 7 ? [ 1 1 2 u
' s n ] N ] us 2 ] 1 ? n 3 12 ? 10
] " 12 12¢ b ] i1 12 ! n ? [ 1 %, ]
s ] 7] » s 4 H n ] [ Q ' ] 1 "
[} ] n M1 “ ! H] 13 3 " 14 3 3 n
’ ] Y ' 14 15 ' . z H 1" ‘ ] ? I
L} " A in L) 2 i8 ] 3 L 13 ' Joe b+
? ] “ % b7, ] 12 3 )] 1 [ 1] 1] 1 ) s
L] L] ' wn [} 4 a 12 17 s/a N [ " Ve
] ] (] 4 bad] It 4 3 ’ 1 T3] ' 3 1 o
L] o 1 L n a/s 12 s/a ? s/a 13 va ? v
’ ' “ 1 in a ? i ] 4 L] 2 ¢ ) n
L] ] 1" 18 ] ] 14 ] i 8+4 | ] 13 "
" ' “ v w (= 3 ] s H u s ] 2 13
" 7] ) W o ® ' o] 1 H 12 - | ] ' n
1 A (7] ] o[ ¢ TH 13 ' 1 M 2 ? 3
] " » 9 b ] 4 -] ‘ 1 e » [ " 12
12 [} (] b ] n o 3 R H 3 L ? ] I 1
(] " 19 [\ Q H 13 4 12 n b 4 1 H
13 \ (7 o s | m 2 n ¢ ! 1$ t ? ! s
r " ) “ n 1 n ' " n |» . " y
14 [} L] Y ™ » 3 % 3 2 k-1 11 H ? 13
] “ | 1% ] 2 % Y n 1o “ H o s
13 [] n n m 2 H ] 12 ] 3 M { [ ¢
] ] 13 L n ? 14 3 3 16 ol 3 ] il
. " [ " ) " Q ] n $ ' W ' ' ’ s
L] ] 18 n n 3 n ¢ ] e 12 i 1 n
, ¥ ) " ] | ’ 3 n 3 1 ' 1 ) 1 '
[-' n als o/a (] (] (1] (Y]] o/e (] sie e (111 ! e s
g " s " 3 ™ n [ % 15 1 1 12 I Y )
). ] “ 1 » ]! i) : » ‘ 13 ' a | n
[ ] 1 . " ;) m |a 3 it Y 2 “ : Wy »
- n ] (74 hh ] B [ ] [ n 1 ? Pl ]
E__ s A L 3 -] 9 3 R ' s W/ : [ 1 ah
,, ’ “ by " L} H ] [} 2 ™ s 14 ? I}
re, 1 : u » m | $ P ' ' W t ' ' ’
ke, " “ 5 W | ™ : g ? ' ] ) ' ' '
(. 7 ' " L ™ L] [ Q ] ! { s » ? »
E " " " m " s o ‘ 3 |23 ’ . n
- [ L] » 1M u 3 R 3 ? [ 1 n ? b}
@ ] 1] ') o} [ H Q ] { H .| H 1 1 15
g n ' “ n mo|n 3 n 13 ' ! ' ' ' '
- ] (] (Y sh aa [y} sla (] LY} [} [ (Y] i aa
- -] A H “ » |9 \ " ' ‘ n 3 1" 3 "
f: n a/g sa (U} 2y na (11} a/a na 2/e e oy 1Y e
u ) ] " ) LY " $ LN n 1 " ] o 1 1”n
$.\ " U] 1] " it ' U] n ? 10 i 12 s P )
A » ' o ! i n ? n [ ? h] ? iU 2 14
! ] " " ] 1 b : ! 3 13! . N 3 “
g h [} L L ] H “ ¢ 3 s ] [ ] 1 ¢ 1
S " L » " ] : r 1 1 ] ¢ L} U .
:-‘ L N ] 2 n 4 ] ! " i 1 ) N
~l
N
\: A’y ¢ set qvasledle
e
w I-1
ol




A ASE B A ke Ate Sua Aha-ade Abe Ale £ 2ts'she aleA b alealevai - alet Abotaib Sl Eade Sufl ek ki e o
mw‘"-‘\ Ll TP EANNY T w - - . "

P

Table (-2

G R B e

Performance Data for Defensive Mission (Night)

o LIVESINE - pErEueE

. WEFERS FRON & MTTLE POSITION 'BIGNT AISSION

- TN LLISTICH TOU/ ISRV IPER LASER

e W ISt LILEI[TAR M98 | MITS | mRSAMIT | EILLY | MM/KIU 1 HLI.DIII)N melary /It | LS el
URC Il 1] N i) 1D
[ ] L1} aa [ o/a Wa (Y]] [} (113 (Y]} Va L1 v
] “ »a (Y] aa aa t/d &/8 o ova [} e (1 v
A n | 3 i 3 1 n ’ ] [} [} [} [}
[ | ] ) /s a/s a/a -] aly als (Y] als (YH aly alg aly
[} " -} n (1 2 T U ] ‘ 14 ] ? 3 b
[ ] “ b ) [\ L t 17 ) é 12 i# 1 b ] ?
[] [ ] o 12 | 1] ? u ! ? ] ) 18 2 19
] " 13 “ n ? 1t 3 1 b | t - J § b ]
] " N 1% 17 1 13 14 $ 13 (1] 1 [} 3
L} (113 LI ala ala ala LY (Y1) (1Y als s aa ae ala
[] ] ] " 3 14 H 14 ? n 4 3 ] 11
] L] 1 3 10 2 14 3 ? i [ * 1 »
[] ] 1 12 1 A2 1 a2 ! 1 ! 1 | 14
" ) ’ [ [} [} ] I H ] L 4 ? 1
[ 8 [ 151 ? 2 $ b t M H b} | I\
] “ H 12 4 ? [} 3 t -] ? 13 1 b
) " i %1 by 10 12 el ' 13 2 ] [ ]
] [0} 2 1 13 13 2 L} ? L] ? -] 2 ]
[] " 12 1 u 4 \$ 1] ] 1 ] 1] (] ’
[} ] H [ 74 S 16 [} 2 ’ ] ’ (] . ]
A ] il p7e] 113 e ' u t ) 3 ] t 9
] “ 3 127 ' 14 [} n ' L) ? bof ' ]
A ) 19 17 12 il ] 1} 2 3 I ] ] n
L] “ [] [¥] ‘ ' ’ ' ' " [ s (] ]
] " 5 3 bl [} e 11 1 n 1 b1 1 R
# " (11 ala aa L1 Al /s als a8 s/ s ala s/
A " by 164 " 2 a ) 1 10 1 1{J { 1
| ] 1] 4 14 H ) ] ] ity ] )] 3 %
A n 2 183 3 2 ? n [} ? [} [} [} []
] " 1 ity 1 10 ] a (] [} ] (] ’ s
[] [} 10 153 Y ] 13 i J ! 14 ] ’ ] ]
n " 14 n 0 3 12 ¢ ] o [ n 3 bod
[] 1% 3 19 $ b 3 » f ! [ ’ (] ]
(] (YN "y a/a LI ] n/3 Y] LI ala a2 " aa ws aa
] 1] L} iU M ) o 1 ¢ 1 i8 1 1"
[] (1} [ ] Ly [] 3 7 h ! o : ] 1 I}
[] “" S m H “ $ n i -] [ ] | »
n L 13 163 17 1 12 14 ’ -] [} [ (] []
[] “ % o " i n ' L] b2 ] $ ] [
L} ” ] " 13 ’ ? ] 1 n 1 n | n
[] ” 3 n 3 pL] 3 n [ 13 ’ [} (] [
] ” p4] 214 L S H! 19 1] o [ [] (] []
[] [} 14 n 19 ] 13 13 1 [} 3 2 } [ 1] -
n L) 3 133 3 | ] i [} 118 | ie ] ]
[} “ )] e 41 7 L]} ! ’ Fe] ’ [} ’ [ ]
] " n U 8 ] re] 14 ] ) ] ’ (] []
] “ 1 33 10 11} ] h) ] 2 ] [] (] []
L] " 4 142 b3 ] 13 17 [} ) ’ [] (] ]
[] “ 3 m u 1 1 hy 2 u H 1 ? 17
L} aly L) LI ] a/a LI} aa LU " ale g A s "
s » b e i 1! . el 1] ' ) [} [] []
L] L | 19 i 19 L] 13 1] [ 3 ] [} ] ]
[ ] &/a L) ala a a2 (Y LY A (11} (X7 (] a's 17
] " 14 L) u 1 14 H ] ] ] ] (] ’
» " ¥ » ] P ? Q 1 13 13 1 1 1
] “ b 0 e b} 3 L 1 A : 13 2 13
L 1] ] b 1 N 1? 1 ) 1 U] : ‘L 3 1 1

Y/4xn0t dvallebie




L Aaf 2o A A A ad Bl b a4 S0 sk o d okl A s AN A et ALa B A Lo ) sinindl acois oh AR -abd ohd-olih ok atd ail aid avh aid st ath a'd ail ) "'v‘vW'W”H"'I'HWI'I""Y"I‘I"*
1,53
o,
e
‘a
B ¥
ol Table I-3
k.~
K Performance Data for Offensive Mission (Day)
"
:‘. S0 S0 &I 241 3]
- AVOCH ™) CHTACY (MY aITSIO)
K - . WO O/ MR/ TP LB
! we movrlm ranh aunfes os] un Jwsoar] caus o taun | 1 | e et | ous sy
5 3! f 1D - BT LEE 1)
A 1 s “ [ ™l e L " 1" ? " 1 1] 1 We
o ] o » m | » tn " s fva | va ] e e | wa
B> t v | v |3 |@m]|» w0 | 1 | n ) T
> ' % 1" 9 ) (] ’ " ] " 13 ¢ ¢ 1
* 3 s n ] {1 » ¢ e 1 12 1} " | ' ?
" ] n m o Y 13 " » v (] 1 | 2
- [] [ n hJ [}, “" ' n ] ale [0 s ols 2l "
. ] n /] " n H ] -] n n " (] ' ]
il 3 A ] n w e ? " 1 a » a2 1 o H
g ] o o " | » " 1 u b ] | u ] a ]
> s . ] ) L pi] 3 1 L} 12 1) ] 1 ' ?
w ] % " 1 3 ] " 13 " » ) ? " [}
o ? A n ] w el n n 1" n |« ! " 2
1 (] ” n ™ ] ] I} " n 1] » 3. 1 7
] A n n m 7} i v » Y] n | l 1 3
. (] ] n n 3 ! 1 " » 0 n 3 " ]
. j () A ] 3 n | % b ]| 1 1 -] n 1 [} ?
e (] . 2 m | ¢ @ ¢ " o " ] ] s
. " s " n o » 12 Ty n 1" n 3 t 13 ?
h . (] “ 1 ] ] 1) ' 2 ’ ] ] ’ ] ¢
4 1 A n B m e b u T 1 u "w 1 " ?
9 ] n n 13 " . ' n » 0 2 ] " ‘
i A " % W % 4 a 13 T} 1% | » ’ 1 °
g n " b} milae® ‘ n 1 p}] I3} » 2 " 3
. A » % I N U ] o] n " | ] n s
[ [} W s ) ] ? 10 ¢ s 1 v ] n !
K " A n ]| 2N a ' n 1 ] ] ’ ’ ’ 0
A ] Y] » »n ] 2 1] " | 4 u )
) 13 A n v 1)) Q n 3 n 1 I\ n 2 ] ]
M ] " b} » % ! 1 12 | ] ped ? ] 1
i ’ n " » " 1 ] n 1" a/e N e " va
s (] 13 12 b3 17 HY ] N » ala " als n ala
‘o) 1 A n 1] o7} 4} ’ 14 n [] ] H ] 1 ) 2
; ] L} Y1) 83 L] a/a a/a /s a/a na (1] (1] ] (17} v 7
) " i ] n » | S ! 4 n” " n i 3 n !
(] " 1 u n n 14 u " e " n 13 13
> 1 A n “ w | & 3 3 " 2 a " ? ' 3
B " n » » Q ? » 1y 1 u n 2 n 2
» ] ;) 2 i m H '\ 12 ] ' 4 t 4 1
q ' n a |l m ] o % 12 t |n | ’ . '
A [} (M i ™ “ ? » 13 L] e v o aa Y
B ' ™ n w | " » | " a " ¢ 4w ¢
s » “ v n ) n » 13 % n . " "
> " n 2 o (] s 3 ”n " | » ] b u
"~ -8 o ) ™ |1 ] n ” n u ' 1 ] 1
X ] n a b ¥ 13 » n i 3 n 3 " 3
{ n ) 1] “ » | v . " 1) ] " 1 1 3 .
] L o n R 3 . '3 1 19 L L 1 ’ M
. ] 4 o » " I} H] » N n u b 1 " 3
‘o r e va l owa | v e | oan va v e j o val 3
o ¥ t " “ m n 1 » n Y] o n 3 u ‘
~ ] ;] ] % " ? 7 » 13 s 13 ’ " ]
>, n I n " w L] ? ] 1" 13 H H ! ) 1
‘A L] e b by “ 1 n 1 ] " (1} ? 1 ]
2 n . v |9 | m]n I 1 1" ) ' 1 ' )
; " " Y m “ ? “ ? " " 1 $ ' ’
n, REACS Y 3 s " ' n " ) % N ] 11 3
E i-.
>
™ 04 o sot availadle
N
L
Y
4
e 1-3
e

4

CRCON T AN e S5 AR 2 SRS I AT AT R I ST BN L B AR
adSX N, G aNR AR A Y. WA G T S ok ‘



. e -~ . - g > Ly Dl S St Sl el Soll Aad Al ied Al Abd Sed Ans Ak Sl S8 8.8 Bl S As Al &g 2 20 b 4 ’-'.'“"!ﬂ

‘\'f‘
s \
..h
i I
p-7.
QO
NS Table I-4
.\::
L® .~ :
Rk Rounds Fired Per Tank Per Battalion
A
\\
-::'w‘
o
o Mission: | Defend (Day) Defend (Might) Offense(Day)
X
oy X of Rounds X of Rounds X of Rounds
‘ ) Pired,/Tank Pired/Tank Pired/Tank
“"i BOE TP
T
f}: 1 1A 8.4583 /A 14.7%00
ot 1 19.6923 N/A 19.3846
: 2 24 8.9048 1.4762 19.4286
Y ™ 4.6667 N/A 8.6667
3 I 5.6667 $.1111 13.6667
. M 9.1818 5.7273 25.1818
- 4 A 8.2667 5.5333 14.6333
Fol. ™ 8.5714 3.5714 12.78%7
- $ SA 8.8095 8.8571 16.4762
Y M 35.1111 N/A 34.2222
K- 3 6A 5.5833 2.9167 4.0833
ho 6M 11.3333 4.7778 14.8889
Vel vi A 12.6538 8.1538 25.4615
™ 26.4000 6.4000 23.4000
v 8 8A 8.3214 $.3929 13.2887
st 8M N/A 1.0909 17.9091
R 9 9A 6.3704 9.6667 11.6667
O M 10.2308 15.0000 13.538%
K, 10 10A 9.0345 3.4483 14.7241
O 10M | 13.9167 10.4839 6.8333
¢ 11 11A| 17.3548 11.5485 12.1938
118 ] 13.0000 11.54%% 10.9091
y 12 12A 5.9655 4.3793 12.4483
"y 12M 5.7273 5.6364 33.8182
¥ 13 13A 8.0741 8.7037 20.3704
S 13M 9.4000 N/A 6.4000
b 1¢  14a| 12.9000 8.4000 29.0500
o 14M | 11.2308 5.0000 15.7692
e 15 1%A 7.9000 6.1667 17.5333
D) 15M 3.2000 13.1333 13.0667
16 16A 3.9583 6.4583 7.8333
s 16M 6.0000 $.9231 20.6923
' 17 17A 4.8108 4.0541 9.0811
N s 1M N/A N/A X/A
18 18a| 13.3103 16.5862 17.1034
» 18| 17.3333 16.4167 28.4167
! o 19 19A 5.4000 14.1500 14.8500
LD 19| 14.8%500 8.1500 29.0%00
20 20M 5.7813 6.8125 16.0625
" 20M 7.1857 7.78%7 30.6429
Yoo 21 21A 7.7407 4.5185 10.9630
o 21M | 13.0991 9.8182 27.0455
Lo 22 22A| 14.2143 6.1071 23.1786
(s 22M| 10.0870 6.7391 27.5682
. 23 23A 6.0000 10.1429 27.1071
P 23M | 12.884s6 12.3462 20.3046
v Qs 2¢  24A| 14.0400 13.4000 11.7200
- 24M N/A 7.3636 11.8182
(7 25 25A 7.1034 10.1724 17.5862
o 25M N/A N/A K/A
? N 2 26A] 17.1111 14.3704 28.5926
VeoN 26M | 21.3333 8.5238 32.2381
27 27A 5.9259 N/A 22.1111
! 2™ 9.0909 13.3636 29.8182
S 28 28A 8.2222 10.92%9 19.9259
o 28M 4.4762 9.6667 17.9048
N
e
W
N
b
S
®4 1-4

.
Ll

s a

e YNy \N-‘-'ﬁ

L "' f"-" e 'F‘»f 'f .l. (x nd"u ‘.':',lo.',,"' “ N " Kb o8 4" 'f." ‘ o .“" 9(




APPENDIX 11

(h CalOOL O H)
o RO R R AT

DAL
t’.‘ll"

PERFORMANCE BAR CHARTS

I1-9




o, SATTALION TASK FORCE LIVE-FIRE PERFORMANCE PROFWE

H _ MISSION OEFEND FROM A SATTLE POSITION (OAT)
o
'
& :
“ 0L,
D el
) o sl
[N - L]
d ; [ -2,
. X 9 "
y 29 »t
A $ 33 Lol 5 !
v :C sl (
) ok BT 8 » )
;; '83 oL ]
l' - sl
2s o[ ' f ,
) g Wl ! ’ IR B
v_-f 4 -
. b1
. Wi
o el !
:.: ol
3 L] =3
aiNEEREEE | |
a ;' 2 ) 4% ¢ 7 8 30N 12‘)‘l‘l10|1‘."2°1'"l)llﬂlll7l.
\:; :AAAAAAAAAAAAAAAAAAAAAAAAAAAA
: :\4 : TASK POACE IOENTIFICATION
. i
n: leaRLY 1982 > LATE 1984
.
\ Figure I1-1 Performance of all Armor Task Force Rotations in the
vy Defense (Day)
W,
#'
e
2
o
[y
,«’.. BATTALION TASK FORCE LIVE-FIRE PERFORMANCE PROFILE
:.h MISSION: DEFEND FROM A BATTLE POSITION (DAY)
)
0
N .
o hed o
iy el o
-] ot
’ (1)
: ‘e nL
iy Eg oL
’. OS sl
g ILY =¢ 0 -
443 =3 wi
1S
] of L o
. - i
LY é. Lod = 0 1
\.. ® b
2 £ wf
:_ - TN T
Ko 0L
A sl
. e
5% ‘! veae
‘.h\ i 12 3 ¢ 8 ¢ . 910 1Y 12 1) 'l ‘! ‘. 7 uuxou 2233 24 28 28 27 28
-\ |MUIMMIHIUIUU.I..U“UUUUII.IUI
> !
f.: : TASK SORCE 1DENTIFICATION
] i
L ‘eanLy 1982 - LATE 1984
[y
*
> i Force Rotations
o Figure 11-2 performance of all Mechanized Task
; in the Defense (Day)




Dahalhabialdalingun 2ha e ad e as o a g L)y o S

MR Am Aae Bde oo 40 o o

SATTALION TASK FOACE UVE-FIRE PERFORMANCE PROFILE
MISSION DEFEND FROM A BATTLE POSITION (NIGHT)

L)
vl
wli
oL
2 Lo o)
§ oL
x ”
T
Q i
<€ wp
- wi
53 wi .
- L]
1 B
i 5
g wnl
¢ »f
1)
wl
..;
wol.
: -]
olL"'e IQI [ i ] Y f hild
||zs«i-7.:t6nuuuuunv 9192031233330 3828 27 28
"‘A‘AAAAAAAAAAAAA Allllllll:
: TASK PQRCE IDENTIFICATION =
H 1
H ]
learLy 1982 LATE 1984]

A/a - Aet avedable

Figure 11-3 Performance of all Armor Task Force Rotations in the
Defense (Night)
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Figure 11-7 Performance of One-Time Armor Task Force Rotations
in the Defense (Day)

BATTALION TASK FORCE LIVE-FIRE PERFORMANCE PROFILE
MISSION: DEFEND FROM A BATTLE POSITION (DAY)

)
1ol
"o
”-
g wl
I\) - 0L
. *a 13
F’\'{ X -
e “3 ot ’
Mt Q03 oL
0 15 of
"lz‘ sl
e 5% wf
pry 2 o 1
) b ot ? ' ’ V
t..' & sl
/ g "
4
"5 nr;
0
‘l-
?O-
sl T
° -
} ' 23 6.5 6 7 8 9101112137678 16 17 18 79 20 21 22 13 24 I 26 17 28
|Allllllllllll‘““‘Alll!llll
i TASK PORCE IDENTIFICATION
]
Yeamuy 1902 — LATE 1984

Figure I1-8 Performance of One-Time Mechanized Task Force
Rotations in the Defense (Day)

I1-4




Ll ol s e h el e aaihad L an 54 s 28 ot i aid et akh ah ous Ah 04 a0 s s s ad o g s e s s St bed ad ad aek Al Aul Aad Al el ek dind

QY
oY
1
L
: SATTALION TASK FORCE UVE-FIRE PERFOAMANCE PROFILE
i MISSION OEFEND FAOM A SATTLE POSITION \NIQHT
1Y)
: .
. A
W§) bl g ‘
) f |
4§ -
3 [} 1
] ol
Y ”
r p
1) Eg L
p 28 “l
- :C ol
o TE “F
P of wi p
; - el
. Za o[
o g WL
~ : »L.
- LS
Pl wl
N il
L ] ol I | I
.-
= L ! | 1] ! I ]
't ' 23 6 e 7T 0 90N 12 73 14 Y8 16 17 10 19 20 21 22 213 34 29 26 27 28
v |AAAAAAAAAAAAAAAAAAIAAAA‘AAA:
3 E TASK FOACE 'OENTIFICATION :
L. i !
N teariy 1902 - LATE 1984} !
Figure I1-9 Performance of One-Time Armor Task Force Rotations
v: in the Defense (Night)
)
315}
»
1
' BATTALION TASK FORCE UVE-FIRE PERFORMANCE PROFILE
: MISSION: DEFEND FROM A BATTLE POSITION (NIGHT
-: ‘
- ool
1 :-
' 3 u:
3 ol
Te ol
3
» 9 L] =
: L
', “'i sl
(=34 bad 8
" - al,
(] Ee ol
. e >t
) 4 :-
g sl
b <
: v 1
[ r ’ a‘s n’e n’g 3
b (' 23 48 8 7 8 9101192131418 16 17 16 19 20 21 22 23 26 29 26 27 28
N |.IUUIU-UIUHHUIHI..HIH-.-.IIU
P [] ]
! TASK FOACE IDINTWICATION i
4
“ Yeamiy 1992 o TE 190¢!
s A8 - nEt averable
] . .
- Figure 11-10 Performance of One-Time Mechanized Task Force
e Rotations in the Defense (Night)
)
'3
._




cm i e ———— Aaad aas ad on

— LA gl Bad Lol Lol mae el oad oy P W o W W WP P e e TS W W W

SATTALION TASK FOACE UVE -FIRE PEARFORMANCE PROFILE
MISSION MOVEMENT TO CONTACT (DAY

LY
|.~
”P
bad 3
S wi
-
2 oL
L] nl
i Al
Q “-
<€ el
"; [T p *
3~ ”- y -
> Sk ! ’
U. “-
¢ »i
H ol
nwl
0
1't
ol
o[ I
° _
l|x)n’.7|'|on1 13 14 18 16 17 '8 19 20 2V 22 23 24 28 26 27 28
1A A & 48 A AA A& A&AA D A A A 4 A A A A A A ADLAANGSGD
] 1
: TASK FORCE IDENHRICATION
|
leanly 1982 — LATE 1984

Figure 11-11 Performance of One-Time Armor Task Force Rotations
in the Offense
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